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Introduction   
   
Early detection of periodontal bone loss is important because it provides the clinician 
with the basis for applying preventive or corrective measures. Reduction of alveolar 
crestal bone density is one early sign of periodontal disease and precedes the loss of 
height of the alveolar crest[1,2]. However, small changes in density cannot be reliably 
detected by conventional comparison of radiographs due to great variations in the 
anatomical structure and radiographic image density and contrast. 
 
Orthodontic Tooth movement is known to occur either “with bone” or “through bone” 
[3]. When teeth are moved with bone, the amount of bone resorption on the alveolar 
wall in the direction of the force balances the bone formation at a certain distance 
from the tooth in the direction its movement, resulting in no net loss of bone [3]. 
 
However, if the pressure is increased in the PDL to a higher level, hyalinization occurs 
and  resorption begins. Furthermore, no compensatory apposition occurs in this 
situation and the balance between resorption and appositition is disturbed [4], 
resulting in a net loss of bone. 
 
Subtraction radiography is a technique that facilitates both qualitative and quantitative 
visualization of even minor density changes in bone by removing the unchanged 
anatomical structures from the image. This enhances the detection of bone structures 
with true density change, and significantly improves the sensitivity and accuracy of the 
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Abstract      
                         
Aim: The aim of the present study was to retrospectively evaluate changes in bone density 
using DSR  at the crestal and subcrestal regions of interproximal bone around posterior 
teeth (premolars and molars) before and after  orthodontic treatment using digital OPGs.  
Materials & Method : A total of 14 Pre and Post operative digital image pairs were 
obtained from the department of Orthodontics and 28 regions were sampled and analyzed. 
The selected patients were in the age group of 13-18 years. The mean duration of 
orthodontic treatment was 1.5 years. All pre and post operat ive radiographs were assessed 
at baseline and after completion of orthodontic treatment using DSR. All subtracted images 
were subsequently imported into The Image Tool® software to calculate the average 
density of Gray levels  in the areas that showed changes in subtraction. 
Results: Out of 28 test regions 23 regions (82.14%) showed an increase in bone density 
whereas 5 regions (17.85%) showed a decrease in bone density. The mean bone density of 
the  ROIs was 151.18 (gray level = 151.18 ± 19.97 SD). A one sample t test for statistical 
significance was carried out. The difference of the Mean values was found to be 23.18. The 
obtained p value was <0.001 at 95% confidence interval (15.44 to 30.92)  
Conclusion: In the present study, we have found that 23 out of 28 regions  (82.14%) 
showed significant increase in bone density whereas 5 regions (17.85%) showed a decrease 
in bone density. DSR is a valuable tool to assess subtle radiographic changes that occur in 
the alveolar bone during and after orthodontic therapy and can be used to monitor the 
bony changes over treatment period. 
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Subtraction radiography is a technique that facilitates 
both qualitative and quantitative visualization of even 
minor density changes in bone by removing the 
unchanged anatomical structures from the image. This 
enhances the detection of bone structures with true 
density change, and significantly improves the sensitivity 
and accuracy of the evaluation.[5-7]  
 
The widespread availability and improvement of digital 
dental imaging has made it easier to use digital 
subtraction radiography (DSR) for early disease detection 
and for measurement of disease progression. DSR, using 
serial radiographs, is a useful technique for diagnosing 
subtle changes in radiographic density. It has been used 
for the diagnosis of dental caries, destructive periodontal 
diseases and alveolar bone changes, and for evaluating 
treatment outcomes.[8-13] 
 
DSR has also been useful in the examination of bony 
changes during implant healing.[14,15] 
There also exists a very high correlation between the 
objective, quantitative assessment of subtle changes in 
alveolar bone by digital subtraction radiography and the 
true changes in bone thickness.[16] 
 
More Recently, cone-beam computed tomography 
(CBCT) has also been used as another approach for 
evaluating bone-density changes around teeth and 
implants[17-22] and also during orthodontic 
treatment.[23] 
 
However, CBCT examination, not being an essential 
procedure during orthodontic treatment, is less likely to 
be available for patients routinely treated by 
orthodontics. Pre and post operative OPGs on the other 
hand are routinely employed for orthodontic diagnosis 
and treatment planning. 
 
The objectives of the present study were – 
i. To assess retrospectively the alveolar bone density 
charges employing DSR before and after orthodontic 
treatment. 
ii. To evaluate the value of DSR as a tool in assessing the 
bone density  changes and also  
iii. To test the hypothesis that orthodontic treatment 
enhances periodontal breakdown / detrimental to 
periodontal tissue integrity as assessed by evaluating the 
changes in bone density adopting gray scale values 
derived from DSR method. 
 
Materials and Method: 
A total of 14 Pre and Post operative digital image pairs 
were obtained from the department of Orthodontics and 
28 regions were sampled and analyzed. 
The data was retrieved from the records of patients who 
have completed their orthodontic treatment in the age 
group of 13-18 years. The mean duration of orthodontic 
treatment was 1.5 years. All pre and post operative 
radiographs were assessed at baseline and after 
completion of the orthodontic treatment. 
The baseline preoperative and postoperative images 
were “matched” geometrically by the selection of 
common reference points using Drop2D® software
†
 to 
compensate for any geometric and projection 
differences between pre and post operative films. 
The “matched” baseline preoperative and postoperative 
images were subject to histogram equalization to 
eliminate contrast differences between them and then 
the post operative image was subtracted from the pre-
operative image using Eikona® Subtraction 
Radiography  software
§ 
 tool. 
Changes between films were interpreted as a darkened 
area for loss of alveolar bone mass, a neutral gray for no 
change in alveolar bone mass, and a lightened  area for 
an increase in alveolar bone mass[24].  
All subtracted images were subsequently imported into 
The Image Tool® software
‡
 to calculate the average 
density of Gray levels  in the areas that showed changes 
in subtraction. 
In order to determine the changes in density in the 
subtracted image, this same image was set up as a 
reference and the value of the density of a neutral area, 
ie, an area that had supposedly not changed during the 
study such as the dental enamel was used as a “standard 
area”. After obtaining this value, the gray values of the 
changed area (ROI) were provided by the Image Tool ® 
software. 
A Region of Interest (ROI) was defined in the coronal 
third of the interproximal regions in the subtracted 
image. A 256 gray level was used and a value >128 was 
assumed to represent a density gain in the ROI.[25] 
Results
 
Out of 28 test regions 23 regions (82.14%) showed an 
increase in bone density whereas 5 regions (17.85%) 
showed a decrease in bone density. Graph 1. 
The mean bone density of the ROIs was 151.18 (gray 
level = 151.18 ± 19.97 SD). A one sample t test for 
statistical significance was carried out. 
 
 
† CAMP, Technische Universität München, Germany  
§ Alpha-Tec Ltd., Thessaloniki, Greece 
‡ The University of Texas, Health Science Center in San Antonio, San Antonio, TX, USA 
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Group Pre- Orthodontic 
Treatment Group     
                               
(n=28) 
Post- Orthodontic 
Treatment Group 
(n=28) 
Mean 151.18 212.25 
SD 19.97 14.03 
SEM 3.77 2.65 
                                              P<0.001 = Highly significant 
 
Table 1:  Summary of statistical analysis.  
 
 
 
 
 
 
 
 
 
 
Graph 1: Percentage of sites exhibiting gain or loss of 
bone density 
“Standard 
area” 
ROI 
Fig 1: “Registration” (Geometric matching )of 
pre & post treatment radiographs 
 
Fig 5: Analysis on subtracted image 
 
Fig 2,3: Radiographic image prior to and after 
orthodontic treatment (histogram equalized) 
 
Fig 4: Subtracted image obtained from pre and 
post treatment matched radiographs. 
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The difference of the Mean values was found to be 
23.18. The obtained p value, <0.001 at 95% confidence 
interval (15.44 to 30.92), is suggestive of highly 
significant change in alveolar bone density observed pre 
and post orthodontic tooth movement. Table 1. 
Discussion 
Orthodontic forces per se are unlikely to convert 
gingivitis into a destructive periodontitis, but poorly 
executed orthodontic therapy in patients with 
periodontitis can easily lead to further periodontal 
breakdown. 
Some studies have focused on the bone response to 
orthodontic treatment [26-30].Verna et al. [27] studied 
the histomorphometric bone responses during tooth 
movements associated with orthodontic treatment in 
rats. They found that the alveolar bone fraction (bone 
volume/total volume) was significantly decreased around 
displaced teeth. In addition, Bridges et al. [26] studied 
the effect of ages on the rate of tooth movement and 
mineral-density changes in rats. They found that the 
alveolar mineral density was significantly reduced after 
orthodontic treatment in both young and adult rats. 
 
A recent systematic review performed by Bollen (2008) 
identified the absence of reliable evidence describing the 
positive effects of orthodontic treatment on periodontal 
health. The findings suggest that orthodontic therapy 
results in small detrimental effects to the periodontium. 
Weak evidence from one randomized study and 11 
nonrandomized studies suggested that orthodontic 
therapy was associated with 0.03 mm of gingival 
recession (95% CI: 0.01–0.04), 0.13 mm of alveolar bone 
loss (95% CI: 0.07–0.20) and 0.23 mm of increased 
pocket depth (95% CI: 0.15–0.30) when compared with 
no treatment. The effects of orthodontic therapy on 
gingivitis and attachment loss were also inconsistent 
across studies (31). 
 
However, orthodontic tooth movement is a stimulating 
factor for bone apposition [32]. It was also shown that 
enhanced bone healing following orthodontic 
movement where the defect involved periodontal 
structures [33]. Total bony apposition was 6.5 fold larger 
with the orthodontic tooth movement into the surgical 
bony defects in rats [32]. It has been reported that slight 
gentle orthodontic forces from the use of laceback 
ligature technique is effective in correction of bone 
deficient alveolar ridge [34]. 
 
Conflicting results regarding the effect of orthodontic 
tooth movement on periodontal healing has been 
described in the past. Enhance periodontal and bone 
regeneration by orthodontic tooth movement towards a 
bony defect was reported [35] . However, no such effect 
was also reported [36] . 
On the other hand, radiographic examination is still left 
much to be desired as a diagnostic tool: First of all, 
because of frequent disagreement among evaluators on 
its interpretation and discrepancies of the same 
evaluator's interpretation at different times. Secondly, 
many dental lesions often progress slowly, so they 
cannot be easily evaluated with sequentially obtained 
radiographs, and thirdly, structural 'noise' produces 
visual confusion and limits the detection of small lesions.  
 
Several noninvasive methods can be used to measure 
the alveolar bone density, including digital image 
analysis of microradiographs [37], dual energy x-ray 
absorptiometry [38,39], and ultrasound [40]. However, all 
of these approaches have inherent limitations, such as 
nonavailability of three-dimensional information and the 
evaluation being only qualitative. Computed 
tomography (CT) is one of the most useful medical 
image techniques for obtaining data on both the 
structure and density of body tissue. However, CT is not 
an acceptable approach for evaluating the alveolar bone 
density during orthodontic treatment due to its high 
radiation dosage, especially given that patients typically 
need several CT scans over several months. 
The strength of Digital Subtraction Radiography (DSR) is 
because it cancels out the complex anatomic 
background, against which the subtle changes occur. As 
a result, the conspicuousness of the changes is greatly 
increased. A change in mean calcium mass per image 
pixel of 0.1-0.15 mg is necessary to be detected by DSR. 
DSR possesses high accuracy to detect small changes in 
calcium mass in alveolar cortical and cancellous 
bone.[41] 
 
One disadvantage of digital subtraction radiography 
techniques, as used presently, is the need for close to 
identical projection alignment during the exposure of 
the sequential radiographs. Furthermore, highly 
specialized computer image processing equipment and 
software is required for image analyses. 
 
In the present study, we have found that 23 out of 28 
regions  (82.14%) showed an increase in bone density 
whereas 5 regions (17.85%) showed a decrease in bone 
density. This can be explained due to the fact that the 
assessment was carried out after completion of 
orthodontic therapy thereby allowing sufficient time for 
remineralization of tissues.  
The mean bone density of the chosen ROIs was 151.18 
(gray level = 151.18 ± 19.97 SD). The difference of the 
Mean values was found to be 23.18. The obtained p 
value was <0.001 at 95% confidence interval (15.44 to 
30.92) which concur with the findings of You-Jeong 
Hwang et al.[25] 
However, some limitations of this study should be 
considered. Some previous studies have found that the 
measured grayscale value of an object might vary with 
the medical software used [42,43]; but, the values 
obtained with different software programs were found to 
be strongly correlated. Further, it is important to 
97 
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consider at what stage of orthodontic treatment the 
alveolar bone density is assessed. It is plausible that 
depending on the type, duration and direction of force 
during active tooth movement, the bone metabolism 
would be at varied levels determining the net bone 
density at the time of evaluation. 
 Only 14 image pairs and 28 test regions were included 
in this study. However, even in this sample there was 
significant increase of the bone density around the teeth 
after 12-24 months (mean = 1.5 years) of orthodontic 
treatment.  
Only the teeth in the posterior region of the maxilla and 
mandible were evaluated as anterior regions in OPGs 
suffer from fuzziness, distortion and overlapping. Teeth 
with single roots should be investigated in a further 
study with IOPAs.  
The relationship between the bone-density change and 
direction of tooth movements was also not investigated 
in this study, and the bone density around the teeth was 
only measured at only two time points (before institution 
and after completion of orthodontic treatment), with no 
long-term follow-up or assessment at different time 
intervals during various stages of orthodontic treatment. 
The relation between post orthodontic increased bone 
density and the periodontal health need to be studied 
prospectively while assessing the periodontal benefits of 
orthodontic tooth movements. Hypothetically, increased 
density of alveolar bone may be more resistant to the 
inflammatory response elicited by plaque 
microorganisms, their products and its consequences, 
mainly bone resorption. Reports of osteoporotic 
individuals being more prone for enhanced bone 
resorption as compared to non-osteoporotics is 
suggestive of such a relationship [44]. Furthermore, 
patients with established osteoporosis are poor 
candidates for implant therapy [45]. Hence, more 
extensive studies are required to understand in depth 
the bone changes brought about by orthodontic therapy 
and its impact on periodontal status on long-term basis. 
Conclusion 
• Within limitations of this study, we conclude that 
orthodontic tooth movement can significantly 
increase radiographic alveolar bone density as 
demonstrated through the use of digital 
subtraction radiography. 
• DSR is a valuable and sensitive tool in assessing 
the bone density  changes and also the 
hypothesis that orthodontic treatment enhances 
periodontal breakdown (is detrimental to 
periodontal tissue integrity) is questionable and 
perhaps on the contrary leads to an increased 
bone density as assessed by evaluating the 
changes in bone density adopting gray scale 
values using DSR. 
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